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Case No.: POWRD-023A 

TITLE OF THE INVENTION 
THERMAL INTERFACE WAFER AND METHOD OF MAKING AND USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] Methods and materials for transferring heat across the interface between a heat- 

dissipating component, which typically includes various electronic components in semi-conductor 
devices, to an external heat dissipater or heat sink are well-known in the art. In this regard, the 
electronic component generates substantial heat which can cause the component to fail 
catastrophically. Even to the extent the component does not fail, such elevated temperatures can 
and frequently do affect the component's electrical characteristics and can cause intermittent or 
permanent changes. Indeed, the life of an electronic component is directly related to its operating 
temperature, and a temperature rise of so much as 10°C can reduce the component's life by 50%. 
On the other hand, a corresponding decrease in 10°C can increase a component's life by 100%. 
[0002] According to contemporary methodology, the typical solution to such heat 

dissipation problems is to provide an external heat dissipater or heat sink coupled to the electronic 
device. Such heat sink ideally provides a heat-conductive pathway from the heat dissipating 
component to outwardly extending structures such as fins or other protuberances having sufficient 
surface area to dissipate the heat into the surrounding air. To facilitate such heat dissipation, a 
fan is frequently utilized to provide adequate air circulation over the fins or protuberances. 
[0003] However, essential to any effective system for removing heat from an electronic 

component to a heat sink requires efficient and uniform heat transfer at the interface between the 
component and the heat sink. Among the more efficient means by which heat is transferred across 
the interface between the component and the heat sink has been the use of heat conductive pads. 
Such heat conductive pads are typically pre-formed to have a shape or footprint compatible with 
a particular electronic component and/or heat sink, such that a given pad may be easily applied 
thereto prior to coupling the heat sink to the electronic component. 
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[0004] Exemplary of such contemporary phase change pad-type thermal interface products 

are THERMSTRATE; ISOSTRATE and POWERSTATE (each registered trademarks of Power 
Devices, Inc. of Laguna Hills, California). The THERMSTRATE interface comprises thermally 
conductive, die-cut pads which are placed intermediate the electronic component and the heat sink 
so as to enhance heat conduction there between. The THERMSTRATE heat pads comprise a 
durable-type 1 100 or 1 145 aluminum alloy substrate having a thickness of approximately 0.002 
inch (although other aluminum and/or copper foil thickness may be utilized) that is coated on both 
sides thereof with a proprietary thermal compound, the latter comprising a paraffin base containing 
additives which enhance thermal conductivity, as well as control its responsiveness to heat and 
pressure. Such compound advantageously undergoes a selective phase change insofar as the 
compound is dry at room temperature, yet liquefies just below the operating temperature of the 
great majority of electronic components, which is typically around 50°C or higher, so as to assure 
desired heat conduction. When the electronic component is no longer in use (i.e., is no longer 
dissipating heat), such thermally conductive compound resolidifies once the same cools to room 
temperature. 

[0005] The ISOSTRATE thermal interface is likewise a die-cut mounting pad and utilizes 

a heat conducting poiyamide substrate, namely, KAPTON (a registered trademark of DuPont) type 
MT. The ISOSTRATE thermal interface likewise is a proprietary paraffin-based thermal 
compound utilizing additives to enhance thermal conductivity and to control its response to heat 
and pressure. 

[0006] Additionally exemplary of prior-art thermal interfaces include those disclosed in 

United States Patent No. 5,912,805, issued on June 15, 1999 to Freuler et al. and entitled 
THERMAL INTERFACE WITH ADHESIVE. Such patent discloses a thermal interface 
positionable between an electronic component and heat sink comprised of first and second 
generally planar substrates that are compressively bonded to one another and have a thermally- 
conductive material formed on the outwardly-facing opposed sides thereof. Such interface has the 
advantage of being adhesively bonded into position between an electronic component and heat sink 
such that the adhesive formed upon the thermal interface extends beyond the juncture where the 
interfaces interpose between the heat sink and the electronic component. 
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[0007] Exemplary of the processes for forming thermal interfaces according to 

contemporary methodology include the teachings set forth in United States Patent No. 4,299,715, 
issued on November 10, 1981 to Whitfield et al. and entitled a METHODS AND MATERIALS 
FOR CONDUCTING HEAT FROM ELECTRONIC COMPONENTS AND THE LIKE; United 
States Patent No. 4,466,483, issued on August 21, 1984 to Whitfield et al. and entitled 
METHODS AND MEANS FOR CONDUCTING HEAT FROM ELECTRONIC COMPONENTS 
AND THE LIKE; and United States Patent No. 4,473,113, issued on September 25, 1984 to 
Whitfield et al., and entitled METHODS AND MATERIALS FOR CONDUCTING HEAT 
FROM ELECTRONIC COMPONENTS AND THE LIKE, the contents of all three of which are 
expressly incorporated herein by reference. 

[0008] In addition to the construction of thermal interfaces, there have further been 

advancements in the art with respect to the thermal compositions utilized for facilitating the 
transfer of heat across an interface. Exemplary of such compounds include those disclosed in 
United States Patent No. 6,054,198, issued on April 25, 2000 to Bunyan et al. and entitled 
CONFORMAL THERMAL INTERFACE MATERIAL FOR ELECTRONIC COMPONENTS, 
and United States Patent No. 5,930,893, issued on August 3, 1999 to Eaton and entitled 
THERMALLY CONDUCTIVE MATERIAL AND METHOD OF USING THE SAME, the 
teachings of which are expressly incorporated by reference. 

[0009] Such compositions, along with the aforementioned pad-type thermal interfaces, 

however, are each intended to be applied or positioned in a flat, horizontal plane (i.e., an X/Y 
axis) that runs parallel between the electronic component and heat sink. As a consequence, heat 
must pass through such materials via a parallel horizontal plane. As is well-known, however, the 
ability of a material to conduct heat is typically lower across a generally parallel or horizontal 
cross-section of material than could be attained through the same material maintained in a 
generally perpendicular or vertical orientation (i.e., a Z axis). 

[0010] Notwithstanding the increased thermal conductivity along the vertical axis, 

contemporary methodology predominately emphasizes a thermal interface construction that is as 
thin as possible and/or utilizes a minimal amount of layers that are present between the heat sink 
and electronic component. Accordingly, there has not yet been available any type of thermal 



-4- 

interface which concomitantly possesses a thermally-conductive material or substrate disposed in 
a vertical orientation (i.e., perpendicular relative the electronic component and heat sink) that 
additionally is thin enough to optimally facilitate the transfer of heat from the electronic 
component to a heat sink. There is also lacking any such type of thermal interface that can be 
readily fabricated from well-known, thermally-conductive materials that can be readily deployed 
in virtually all types of heat transfer applications requiring the dissipation of heat from an 
electronic component to a heat sink. Still further, there is lacking any type of thermal interface 
of the aforementioned variety that is easy to handle and utilize, effective in filling voids between 
and transferring heat away from a given heat-dissipating component to a heat sink, is easy and 
relatively inexpensive to produce, and does not require special handling. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention specifically addresses and alleviates the aforementioned 

deficiencies in the art. In this regard, the present invention is directed to a thermal interface 
comprised of a wafer or wafer-type structure positionable between a heat sink and electronic 
component for facilitating the transfer of heat thereacross. The wafer is comprised of at least one 
strip of a thermally-conductive substrate that is maintained in a generally vertical or perpendicular 
orientation along a horizontal plane that, in use, is interposed between the interface mating 
surfaces of the electronic component and heat sink. The vertically oriented strip defines first and 
second sides upon at least one of which is formed a layer of conformable heat-conductive material. 
With respect to the latter, the same preferably comprises a phase-change material that is operative 
to remain solid at room temperature, but liquify or become molten when subjected to the elevated 
temperatures associated with the operation of the electronic component. Preferably, such heat- 
conductive materials will be formulated to undergo a phase change at 51°C or higher, to thus 
ensure ideal mechanical contact between the electronic component and heat sink just prior to when 
most electronic components attain the temperature at which they are intended to operate. 
[0012] The substrate will preferably comprise an elongate strip of metal foil, such as 

copper, gold, silver or aluminum, with aluminum being most ideal. Such substrate strip may be 
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formed as a tightly-wound coil that assumes a generally spiral-like configuration that extends 
outwardly along a horizontal axis. In an alternative embodiment, the elongate strip of substrate 
may be formed such that the same assumes a serpentine configuration. Still further, such wafer 
may be comprised from a multiplicity of strips of thermally-conductive substrate with thermally- 
conductive material formed thereon that are arranged in elongate rows in generally parallel relation 
to one another. In all embodiments, however, the wafer defining the thermal interface will consist 
of alternating vertically or perpendicularly-oriented segments of thermally-conductive substrate 
and thermally-conductive material relative the electronic component and heat sink coupled 
therewith. 

[0013] The present invention further comprises methods of fabricating the thermal interface 

wafers of the present invention. According to a preferred embodiment, the method comprises the 
initial step of providing a sheet of the thermally-conductive substrate and applying or forming a 
layer of heat-conductive material thereon, the latter of which preferably comprises any of a variety 
of known thermally -conductive materials possessing selective phase-change properties. The sheet 
with thermally-conductive material formed thereon is then rolled to a desired configuration such 
that the same defines a specified cross-sectional shape that conforms to the shape of a particular 
interface. For example, such sheet may be rolled such that the same assumes a generally 
cylindrical configuration such that a circular cross-section is defined thereby or rolled as a block 
such that a square or rectangular cross-sectional shape is defined thereby. Such rolled sheet of 
material is then sliced to a specified thickness, which preferably does not exceed 0.2" , and 
preferably is 0. 1 " or less. In an optional step, such sliced wafer may be compressed horizontally 
or flatwise to thus make the same more durable, compact and insure better contact between the 
component and heat sink. 

[0014] The resultant thermal interface wafer produced may then be utilized as per 

conventional thermal interfaces. Specifically, such wafer may be interposed directly between a 
heat sink and electronic component to facilitate the transfer of heat thereacross. In some 
applications, such wafer may be compressed further or clamped between electronic component ai)d 
heat sink to ensure an ideal, secure engagement at the interface therebetween. 
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[0015] The present invention thus provides a thermally-conductive interface wafer that is 

substantially more effective than prior art interfaces in facilitating the transfer of heat away from 
an electronic component to a heat-dissipating component, such as a heat sink. 
[0016] The present invention further provides a thermally-conductive interface wafer that 

can be readily fabricated from existing materials and readily deployed for use in a wide variety 
of thermal interface applications. 

[0017] The present invention further provides a thermally-conductive interface wafer that 

is operative to provide a highly efficient heat transfer medium, which offers substantial economic 
advantages for options of eliminating costly heat-dissipating mechanisms or towards the reduction 
in size, weight and cost of heat sinks. 

[0018] The present invention further provides a thermally-conductive interface wafer 

which, in use, is operative to fill voids or gaps present at the interf?cc between the heat sink and 
any electronic component to ensure better mechanical contact, and hence thermal conductivity 
thereacross. 

[0019] The present invention still further provides a method for manufacturing the novel 

thermally-conductive interface wafers of the present invention, as well as utilizing the same to 
transfer heat from a heat-dissipating component and a heat sink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These, as well as other features of the present invention, will become more apparent 

upon reference to the drawings wherein: 

[0021] Figure 1 is an exploded perspective view of a heat sink positioned for attachment 

to electronic component further showing a thermal interface wafer being disposed 
therebetween, the wafer being constructed in accordance with an embodiment of the 
present invention; 

[0022] Figure 2 is an elevated perspective view of the thermal interface wafer depicted in 

Figure 1; 

[0023] Figure 3 is a cross-sectional view taken along the line 3-3 of Figure 2; 
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[0024] Figure 4 is a perspective view of a rolled sheet of a thermally-conductive substrate 

with a layer of heat-conformable material formed thereon, the rolled sheet being oriented 
for cross-sectional slicing therethrough; and 

[0025] Figure 5 is a flow chart diagram illustrating the steps for fabricating the thermal 

interface wafers of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] The detailed description set forth below is intended as a description of the presently 

preferred embodiment of the invention, and is not intended to represent the only form in which 
the present invention may be constructed or utilized. The description sets forth the functions and 
sequences of steps for constructing and operating the invention. It is to be understood, however, 
that the same or equivalent functions and sequences may be accomplished by different 
embodiments and that they are also intended to be encompassed within the scope of the invention. 
[0027] Referring now to the drawings, and initially to Figure 1, there is shown a thermal 

interface 10 constructed in accordance with the present invention. The thermal interface 10 is 
specifically designed and configured to facilitate the transfer of heat away from an electronic 
component 12 to a heat sink 14. In this regard, the thermal interface 10 is specifically designed 
and adapted to be interposed between the electronic component 12 and heat sink 14 as per 
conventional interface structures and compositions. As is well known, most heat sinks such as 14, 
are provided with outwardly-extending structures, such as elongate members 14a, having sufficient 
surface area to dissipate the heat generated from the component 12, across the interface 10, and 
into the surrounding air. To help achieve that end, a fan or other like device (not shown) is 
typically deployed to facilitate adequate air circulation over such extensions 14a. 
[0028] Preferably, the thermal interface 10 comprises a wafer or wafer-like structure 

formed to have a shape or footprint compatible with the particular electronic component and/or 
heat sink utilized therewith to thus enable the thermal interface 10 to meet or exceed surface area 
contact at the juncture between the electronic component 12 and heat sink 14. As is well-known 
in the art, to maximize the ability of heat to be transferred across an interface, mechanical contact 
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is preferably maintained at all points about the juncture between the component, thermal interface, 
and heat sink. 

[0029] As shown in both Figures 1 and 2, the thermal interface is preferably formed from 

an elongate strip or substrate 18 coiled about itself in a generally spiral-like fashion along a 
horizontal plane. Such strip or substrate comprises a thin, malleable strip of thermally-conductive 
material, and preferably will comprise a metal foil having a high degree of thermal conductivity. 
Among the preferred metallic foils for use in the practice of the present invention include copper, 
gold, silver and aluminum, with aluminum being exceptionally preferred due to its low cost and 
high degree of thermal conductivity. Such strip will further preferably have a thickness of 2 mil 
or less. 

[0030] Such substrate will preferably have a width, represented by the letter A in Figure 

2 of approximately 0.02" or less. Preferably, such thickness will be 0.01" or less and, according 
to a more highly referred embodiment, between 0.005 to 0.01". The substrate strip will further 
preferably have formed upon at least one respective side thereof a layer of a thermally conductive 
compound 20 formulated to facilitate and enhance the ability of the interface 10 to transfer heat 
away from the electronic component to the heat sink. Such thermally conductive compound 20 
may take any of a variety of compositions well known to those skilled in the art, such as thermal 
grease and the like. Preferably, such layer is formulated to have selected phase-change properties 
such that the compositions is substantially solid at room temperature (i.e., when the electronic 
device is not operating), but viscous or liquid when the electronic component attains its normal 
operating temperature. As is well-known, becoming liquid or viscous at such elevated temperature 
enables the composition to fill any voids or gaps formed by surface irregularities at the interface 
to become filled, thereby maintaining a generally continuous mechanical contact for heat to 
transfer from the component, across the interface and to the heat sink. Following operation of the 
electronic component, the electronic component will consequently return to room temperature and 
a layer of thermal compound 20 will reassume its solid phase. 

[0031] Preferably, the thermally conductive composition may take any of those disclosed 

in Applicant's co-pending patent application entitled PHASE CHANGE THERMAL INTERFACE 
COMPOSITION HAVING INDUCED BONDING PROPERTY, filed on April 12, 2001, Serial 
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No. not yet assigned, and Applicant's co-pending patent application entitled GRAPHITIC 
ALLOTROPE INTERFACE COMPOSITION AND METHOD OF FABRICATING THE SAME, 
filed on May 18, 2000, and assigned Application Serial No. 09/573,508, the teachings of which 
are expressly incorporated herein by reference. Such thermal compounds have the desirable 
phase-change properties of assuming a solid phase at normal room temperature, but liquify at 
elevated temperatures of approximately 5 1 °C or higher, which is typically just below the operating 
temperatures at which most electronic components are intended to operate. It should be 
understood, however, that a wide variety of alternative thermally conductive materials and 
compounds are available and readily known to those skilled in the art which could be deployed for 
use in the practice of the present invention. 

[0032] When the strip-type substrate with thermally-connective material formed thereon 

is coiled in the manner illustrated in Figures 1 and 2, there is thus consequently produced a 
horizontally-arranged row of alternating, vertically-oriented layers of the substrate 18 and 
thermally-conductive composition 20, as depicted in the cross-sectional view of Figure 3. In use, 
when interposed between the heat sink and electronic component, the interface wafer will be 
operatively maintained such that the strip 18 and thermally-conductive composition 20 assume the 
alternating, generally vertical orientation that will be perpendicular relative the heat sink and 
electronic component compressed thereagainst. As will be appreciated, in alternative 
configurations whereby the electronic component and heat sink are maintained in a generally 
vertical orientation, the strip 18 and thermally- conductive composition 20 will assume an 
alternating, generally horizontal orientation that will be perpendicular relative the electronic 
component/heat sink interface. 

[0033] As will be appreciated by those skilled in the art, such structure is a dramatic 

departure from prior art interface design which typically deploys generally planar interfaces of 
thermally-conductive materials that are applied as flat, horizontal substrates, layers or films. Quite 
advantageously, however, the vertical orientation of the substrate relative the electronic component 
and heat sink, coupled with the vertically-oriented layers of thermally-conductive compound 
disposed therebetv/een causes the wafer-like interface to greatly facilitate heat transfer. In this 
respect, presently it has been determined that an interface wafer having an approximate width of 
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0.01" comprised of a 2 mil thick aluminum foil substrate is capable of producing a thermal 
conductivity of approximately 1.3 W/in°C or 51.2 W/m°K, which, as will be appreciated in the 
art, is substantially greater than most currently available interfaces and materials. 
[0034] Although depicted in Figures 1 and 2 as a coiled-type structure, it will be 

recognized that the strip of substrate having the thermally-conductive material formed thereon may 
be shaped and formed to take any of a variety of configurations which will consequently produce 
the desired alternating, vertically-disposed cross-sectional pattern depicted in Figure 3. For 
example, although not shown such strip with thermally-conductive compound formed thereon may 
be formed to assume a generally serpentine configuration or, alternatively, may simply comprise 
a plurality of elongate substrate strips that are arranged in generally parallel relation to one another 
along a common horizontal plane. With respect to the latter configuration, it is contemplated that 
such multiplicity of substrate strips will be compressed to one another to thus assume the cross- 
sectional configuration depicted in Figure 3. Accordingly, it will be recognized that any manner 
by which the thermally-conductive strip with thermally-conductive composition formed thereon 
can assume and maintain a general vertical orientation that is perpendicular to the heat sink and 
electronic component will accomplish the objectives of the present invention. 
[0035] With respect to the manner by which the wafer-type interfaces of the present 

invention may be fabricated, there is depicted in Figure 5 a flow chart of the steps of a method 22 
to form the same. Initially, there is provided a sheet of the thermally-conductive substrate 24 
which, as discussed above, will preferably comprise a metal foil. The layer of thermally- 
conductive material is then formed upon a respective side of the sheet, via step 26. The sheet with 
thermally-conductive material formed thereon is then tightly rolled via step 28. The resultant roll 
is then sliced 30 to a specified thickness to produce the resultant thermal interface wafer. 
[0036] With respect to the latter step, there is perspectively illustrated in Figure 4 the 

contemplated manner by which a rolled sheet 32 of substrate with thermally-conductive material 
formed thereon will be configured and oriented in order to be cut, via knife blade 34, to produce 
the thermal interface wafers of the present invention. It will be readily recognized, however, that 
such roll can be cut through such methods as sawing, grinding, and possibly laser cutting. Other 
methods known in the art my also be utilized. Along these lines, it is contemplated that the 



substrate sheet with thermally-conductive compound formed thereon 32 may be selectively rolled 
such that the cross-sectional cuts made therethrough will attain not only the desired thickness, but 
surface area sufficient to facilitate the conduction of heat across a given interface between 
electronic component and heat sink. For example, it is contemplated that the substrate sheet may 
be rolled to assume a generally cylindrical configuration, such that a circular cross-section is 
defined thereby, or rolled to assume a block form, to thus form a rectangular or square-like cross 
section as shown. 

[0037] As discussed above, the wafers produced by slicing the rolled substrate sheet will 

preferably be such that the wafers have a thickness of 0.2" or less, and preferably 0.1" or less. 
It is further contemplated that in order to minimize thickness of the wafer, as well as the upper and 
lower surfaces thereof for interposition between a heat sink and electronic component, the resultant 
wafer may be compressed or flattened further by applying a horizontal or flatwise (i.e., along an 
X/Y axis) compressive force of approximately one hundred pounds per square inch or less thereto. 
Alternatively, such wafer may be simply clamped into position between the heat sink and 
electronic component to help ensure ideal mechanical contact between the electronic component 
and heat sink. Otherwise, it is contemplated that the thermal interface may be utilized as per 
conventional thermal interfaces whereby the same is simply interposed between the heat sink and 
the electronic component with the electronic component being allowed to operate as normally 
intended. As discussed above, due to the vertical orientation of the substrate with heat 
conformable material, there will thus advantageously be provided superior thermal conduction. 
[0038] Additional modifications and improvements of the present invention may also be 

apparent to those of ordinary skill in the art. Thus, the particular combination of parts and steps 
described and illustrated herein is intended to represent only certain embodiments of the present 
invention, and is not intended to serve as limitations or alternative devices and methods within the 
spirit and scope of the invention. 



